The serum protein concentration has frequently been observed to be reduced in certain types of Bright's disease and in various types of malnutrition. Formerly the fundamental cause for this was attributed to either a loss of protein in the urine or a lack of protein in the diet. In 1933, in introducng studies on the effect of restriction of protein intake on the serum protein concentration of the rat, Bloomfield8 critically examined the evidence in support of the "loss and lack" theory, and concluded that such a simple concept did not fit all the facts of clinical and experimental experience. The hypothesis was advanced that some other factor, such as an impairment of or an injury to the serum protein regenerating mechanism, may be an accessory, if not the primary, factor in the production of a hypoproteinemia. More recent investigations by other workers and studies conducted in this laboratory afford further support for this hypothesis. However, in view of the controversy concerning the question, it seems profitable to review critically the evidence in support of the "loss and lack" theory and the arguments which have led investigators' 8, 38, 88, 40, 48 to postulate an additional factor in the production of a hypoproteinemia.
Evidence in Support of the "Loss and Lack" Theory 1. Malnutrition, unaccompanied by a proteinuria, has been observed repeatedly to predispose toward a hypoproteinemia.1 112,38132, 34 The malnutrition may result from a diet deficient in protein or from lowered assimilative ability on the part of the body, as in diabetes, or from protein wastage caused by intoxications or infections. An adequate protein diet stimulates clinical improvement and promotes a rise in the serum protein concentration.
The experimental production of edema associated with a hypoproteinemia on low-protein diets has been reported in the case of the rat9' 14, 17, 25 and dog. 45' 48, 49, 2. Hypoproteinemia is always associated clinically with an impairment in kidney function in which there is a chronic loss of large quantities of protein in the urine.
Experimentally, hypoproteinemia has been produced by use of the technic of plasmapheresis in the dog", 3 13, 19, 21, 22, 24, 28, 29, 33, 35, 37, 88, 40, 41, 44, 46 , 51 and in the rabbit"' simply by daily bleedings. In the case of the dog the depletion of the plasma (plasmapheresis) was accomplished by the repeated bleedings of the animal, followed immediately with the reinjection of the corpuscular elements of the blood suspended in physiological saline or Locke's solution.
3. In the studies conducted by Whipple and associates'9' 35' 44 various dietary factors have been evaluated with respect to their ability in promoting the regeneration of serum protein, using as a constant and maximal stimulus the maintenance of the serum protein concentration at about 4 per cent by plasmapheresis of varying degrees. Potent dietary factors necessitated larger and more frequent bleedings in order to maintain constant the basal level of the serum protein concentration. The values obtained with the different foods tested in this manner varied widely. Indeed, the potency ratio of one protein (serum protein) may differ from that of another (kidney protein) to the extent of 800 per cent. Repeatedly in these studies the authors have postulated that the products of tissue protein catabolism cannot be utilized for the formation of new serum protein. They state44 that "the body proteins may be said to stand by helpless to aid while vital plasma proteins are depleted even to a lethal point . . . Evidently in this emergency the plasma protein is very largely if not wholly dependent on materials coming in from the gastro-intestinal tract." The evidence for this hypothesis is based upon the inability of their dogs, subjected to plasmapheresis, to regenerate serum protein adequately during a fasting regime. Thus, if their interpretation of these studies is accepted as valid, their investigations afford strong additional support for the "loss and lack" theory. A hypoproteinemia can be produced by loss of protein (plasmapheresis); the consumption of an adequate protein diet is followed by the prompt regeneration of serum protein; lack of protein in the diet (fasting) of an animal rendered hypoproteinemic by loss of protein results in a negligible formation of serum protein.
4. When an animal is subjected to plasmapheresis the proteins removed are obviously the circulating plasma proteins. In the proteinuria associated with certain types of Bright's disease the urinary protein appears to represent the serum protein which escapes into the urine because the capillary endothelium and renal epithelium (probably A consideration of these clinical observations and experimental findings certainly does indicate that loss and lack of protein may be significant factors in the production of a hypoproteinemia. However, such a simple concept does not fit all the facts. A consideration of the evidence presented below makes it necessary to postulate some additional factor, such as an impairment of or an injury to the serum protein regenerating mechanism, as being an accessory, if not the primary, factor in the production of a hypoproteinemia.
The Possibility of an Accessory Factor in the Production of a Hypoproteinemia 1. In a study of the effect of restriction of protein intake upon the serum protein concentration of the rat, Bloomfield8 pointed out that his procedure differed from that employed by Kohman25 and by Frisch, Mendel, and Peters"7 in that he used mature animals which were fed an artificial "synthetic" diet containing about 3 per cent of protein. Rats subsisting on this diet for as long as 21 weeks, in spite of marked loss of body weight, evidenced no significant decrease in the serum protein concentration aside from an initial (physiological?) drop. This decrease in the serum protein concentration, amounting to approximately 10 per cent of the initial normal value, was detectable by the second day and was quite obvious by the tenth day after the inauguration of the low-protein diet. The decreases in weight, however, were not apparent until after the tenth day and continued thereafter, while the serum protein concentration remained remarkably constant. These experiments suggest that loss of tissue protein and loss of serum protein do not parallel each other. It seems evident from this study that the maintenance of the serum protein concentration bears no relation to the nitrogen metabolism of the organism as a whole but may be dependent upon a specific mechanism which, in the case of Bloomfield's investigations, was not impaired by the experimental regime.
With respect to the presence of such a specific mechanism we have observed40 no parallelism to exist between the ability of the dog to regenerate serum protein and its efficiency in using dietary protein for meeting the general nitrogen requirements. For example, studies of the protein minimum for nitrogen equilibrium may indi-cate one animal to be superior to another in ability to utilize dietary protein for satisfying the nitrogen requirements of the organism as a whole; however, with respect to serum protein regeneration the reverse may actually be true.
In a subsequent study Bloomfield10 has fed rats diets containing varying amounts of protein, lard, and starch. These rations furnished no vitamins or salts and were therefore inadequate for growth or maintenance. When the animals lost approximately 35 per cent of their initial body weights, they were sacrificed and analyses were made of the sera. With diets containing 20 per cent protein or less there was a decrease in the serum protein concentration approximating from 12 to 20 per cent of the initial normal value. However, the concentration of the blood protein was maintained at that level (5.25 to 5.50 per cent) regardless of whether the diet contained 1, 5, or 10 per cent protein; on the other hand the decreases in body weight were decidedly more rapid with the lower protein rations. These experiments also indicate that the formation of serum protein involves some specific mechanism which may not be appreciably affected by marked changes in the protein metabolism of the body as a whole. It would have been desirable in these studies conducted by Bloomfield8' " to have included determinations of-the nitrogen balance, in order to provide some index of the extent of tissue protein loss, and blood volume estimations by a more precise method, so as to evaluate the influence of hemoconcentration upon the maintenance of the serum protein concentration.
2. If the products of tissue protein catabolism cannot be utilized for the formation of serum protein, then complete fasting, the extreme form of malnutrition, should be followed by a marked reduction in the serum protein concentration. However, such is not the case."8' 47 In fact, dogs with hypoproteinemia, produced either by means of the technic of plasmapheresis2' or by the consumption of an inadequate protein diet,48 will show prompt recovery when subjected to fasting, even though there is an attendant loss in body weight. It is quite true that in the earlier experiments conducted by Whipple and associates2" and those reporting the effects of simple fastingl8' 47 there has not been any significant depletion of the reserve serum protein stores. Thus, in conditions of stress such as starvation it seems quite likely that the formation of serum protein and its maintenance at a normal concentration may be due simply to the reserve stores of this material, present as such or potentially so. In the case of the experiment reported by Weech and collaborators48 it seems more probable that a true regeneration of serum protein at the expense of tissue protein did occur. In all likelihood the reserve serum protein stores were depleted by the dog, since it had subsisted previously for 64 days on a low-protein, edema-producing diet. In our own study38 we have shown that a fasting regime promotes the formation of the blood protein in the dog, the serum protein stores of which previously had been completely depleted by preliminary plasmapheresis. In this study the dormancy of the serum protein regenerating mechanism was manifest. During the depletion of the reserve serum protein stores and thereafter the animal was maintained on our basal protein-free diet for as long as 45 days, during which time the dog failed to recover from the hypoproteinemia. However, the subsequent fasting period resulted, after a slight delay, in a progressive rise in the serum protein concentration until the normal value was approximated. Blood volume determinations indicated that the regeneration of this protein was real and not apparent, simply a result of hemoconcentration.
In the reports5 4" from Whipple's laboratory postulating that tissue protein cannot be considered as a potential source of serum protein, the investigators failed to consider that the products of tissue protein catabolism in dogs, subjected to fasting and -concomitant plasmapheresis, are utilized to a considerable extent simply to furnish energy. Thus, a limited formation of new serum protein under such circumstances is indeed not surprising. The crucial experiment would seem to be to feed a high-caloric protein-free diet to dogs subjected to plasmapheresis and observe the serum protein regeneration that can take place under such an experimental regime. Such studies have been conducted in our laboratory.7388' 40 It was observed repeatedly that under such circumstances these dogs were able to regenerate each week approximately 20 to 30 per cent of the serum protein normally present in the plasma. This initial finding with these animals was confirmed subsequently on six additional dogs. 41 These investigations of serum protein regeneration during fasting and protein starvation also point to a specific mechanism responsible for the formation of this blood protein. It is quite obvious from these experiments that serum protein regeneration may occur under conditions characterized by a loss of tissue protein, and this would hardly be expected if serum protein formation constitutes merely a small phase of the general nitrogen metabolism.
4. If the "loss and lack" theory were alone sufficient to account for a hypoproteinemia, one would expect that in the experimental production of a nutritional edema the initial nutritional status should be of primary importance. However, have demonstrated that no apparent relationship exists between the appearance of hypoproteinemia (and onset of edema) and the original state of nutrition and muscular development of the dog. 5. During the recovery from nutritional edema, both in man and in the dog,48 the recovery from the hypoproteinemia is more rapid than is the restoration of the normal nutritive condition.
6. Clinical evidence has been accumulating to indicate that in many cases some factor must be postulated other than loss or lack of protein in the development and persistence of a hypoproteinemia. If in Bright's disease the proteinuria is the sole etiologic agent, one would expect the serum protein deficit to parallel the extent of the proteinuria. The data obtained by Peters and associates43 show that this is not necessarily true. Some of the patients with maximal proteinuria had relatively high serum protein concentrations, and vice versa. Furthermore, the serum protein concentration in individuals with exaggerated proteinurias does not continue to decrease indefinitely but appears to establish itself at a low but constant level in spite of chronic loss of protein. These authors43 also report that edema is likely to appear if the serum protein concentration is in the neighborhood of 4 per cent, but usually can be eliminated by proper therapeutic measures. However, when the values are consistently below the 4 per cent level, treatment is usually ineffectual. Apparently under such conditions there is a profound disturbance in the ability of such patients to form serum protein.
7. Further clinical evidence difficult to harmonize with the "loss and lack" theory is offered by Peters and others,23 30, 42 wherein it is demonstrated that in a number of cases of nephritis a high-protein diet is without appreciable effect on the serum protein level, regardless of whether there is a positive or negative nitrogen balance.
Bing' has also pointed out the impossibility of predicting the effects of various dietary regimes upon the serum protein concentrations in certain cases of nephrosis. This has led him to postulate that in conditions of hypoproteinemia there is, in addition to loss and lack of protein, a third factor involved, namely, an impairment of a mechanism specific for the formation of serum protein. 8 In one of our most recent studies40 we have found that the dog, fed an adequate protein diet and subjected to a regime of prolonged intensive plasmapheresis (period of 16 consecutive weeks), evidences no impairment in its ability to regenerate serum protein from either exogenous or endogenous sources. Under our conditions of experimentation, involving the technic of quantitative plasmapheresis36 and constant dietary intake, the dog is able to form each week an amount of the blood protein approximately equal to that normally present in the plasma. Because of this remarkable ability of the normal organism to regenerate serum protein rapidly over a relatively long period of time, it was considered reasonable to believe that loss of protein alone in conditions of Bright's disease is not the sole etiologic agent responsible for the persistence of the hypoproteinemia. An additional factor, the "specific" ability of such individuals to regenerate serum protein, must be taken into consideration.
9. Certain pathological conditions, such as bacterial infection and inflammation, have been reported as being depressant in their action on plasma protein formation in spite of no appreciable impairment in the use of dietary protein for the general nitrogen requirements of the organism as a whole."1 33 In the study conducted by Whipple and co-workers33 local inflammation with abscess production and a certain degree of accompanying general intoxication was produced by the chemical irritation due to turpentine injected subcutane-ously. The dog under such circumstances was able to regenerate only one-third as much serum protein as during the previous control periods. Of particular interest is the fact that, while the animal evidenced this impairment in ability to form serum protein, the nitrogen balance studies indicated no significant disturbance in the general protein metabolism of the organism.
10. Finally, the experimental production of an impairment of the ability of the organism to regenerate serum protein has been observed in two isolated instances."3 38 In the course of our studies on the influence of various dietary factors upon the regeneration of serum protein38 we observed that one dog was able to produce serum protein at only one-half the rate shown in the first and true biological assay of casein, although the protein diet and caloric intake remained unchanged. For the proper evaluation of dietary proteins with respect to their ability to promote serum protein formation, the animals were subjected to a plasmapheresis regime, extending over a period of four weeks, only after they had been given an adequate rest period subsequent to the previous assay.37 ' 38 When the impairment in the ability of this particular dog to regenerate the blood protein was observed, the animal had been subjected to a total of 15 weeks of continuous plasmapheresis. Furthermore, the dog had subsisted during alternate periods of two weeks on the protein-free diet on the one hand and on adequate protein rations on the other. In other words, the animal was subjected at times to both a loss of protein by bleeding and to a lack of protein from the diet.
Recently Whipple and his associates33 have confirmed this observation, reporting that one of their dogs, which had been subjected to a long period of plasma depletion and had subsisted on a lowprotein basal diet, failed to regenerate serum protein as adequately as formerly.
These observations are being extended in this laboratory in order to determine precisely which factor, loss or lack of protein, or a combination of the two, is essential in causing an impairment in the ability of the organism to regenerate serum protein. In one of our most recent investigations40 only the loss factor was made to operate. It was shown conclusively, we believe, that, as long as the animal subsists on an adequate protein ration, excessive loss of protein will cause no impairment in serum protein formation. Experiments are planned for the future in which dogs will be subjected to our protein-free diet (lack of protein) in addition to quantitative plasma-pheresis (loss of protein); under such conditions it is likely that the change in ration to an adequate protein diet will result in a greatly decreased output of serum protein when compared with the previous control periods.
So long as the "loss and l'ack" theory is believed to be sufficient in explaining the development and persistence of all cases of hypoproteinemia, there can be very little justification for any therapeutic measure other than the feeding of adequate protein diets. However, the evidence listed above forces one to conclude that loss and lack of protein alone are inadequate to explain the observed facts in all instances of hypoproteinemia. Some other factor, possibly injury to or an inhibition of the serum protein regenerating mechanism, must be postulated as an accessory agent.
It is our present opinion that the adequate approach to the solution of the problem of hypoproteinemia lies not so much in the evaluation of dietary factors, but, as has been suggested,48 in finding a way for stimulating internally the serum protein regenerating mechanism, which seems to involve in some manner the capacity of the tissues to furnish protein for the needs of the plasma."8 Not until the investigator has at his disposal experimental animals exhibiting an impairment in ability to produce serum protein can this problem be studied adequately. At the present time it seems to us that the only approach to the problem is through use of the technic of quantitative plasmapheresis3" combined with suitable control and evaluation of dietary factors, as illustrated in the papers37' 38, 39, 40 describing our experimental procedures. Thus, in the condition of nutritional edema with a hypoproteinemia one has no satisfactory means of evaluating the dietary factors quantitatively, inasmuch as the experimental subject has been exposed to the effects of a prolonged negative nitrogen balance, frequently together with an inadequate caloric intake. As a result of this, three processes compete for the available dietary protein: (a) the repair of wasted tissues; (b) the satisfaction of the normal daily maintenance metabolism; (c) the regeneration of serum protein. Approach to the problem of stimulating internally the serum protein regenerating mechanism by conducting clinical tests on patients with marked proteinurias does not appear capable of yielding satisfactory results. In addition to the fact that such individuals are frequently malnourished at the time when they present edema and low serum protein concentrations,43 spontaneous remissions of the disease may occur even though the diet has not been appreciably altered.5 Furthermore, as in the case of many dinical studies of this nature it is impossible to keep the daily intake of the ration constant or to obtain a normal control picture of the ability of the particular patient to regenerate serum protein.
Recently we reported4" our findings with respect to the influence of pregnancy and lactation upon serum protein regeneration. It was shown that the pregnant or lactating dog exhibits a marked impairment in its ability to form the blood protein. The synthesis of body proteins in the fetus during pregnancy and the milk proteins during lactation may be regarded actually as an internal plasmapheresis, leading to a depletion of the serum protein by the preferential utilization of the materials from which this complex is made. It is quite conceivable that any method devised for stimulating internally the serum protein regenerating mechanism in conditions of hypoproteinemia may also be effective as a prophylactic measure during pregnancy and lactation.
The importance of finding some other method for promoting the formation of serum protein in certain types of nephritis than by feeding relatively high protein diets is obvious from the studies conducted by Bing5 and by Farr and Smadel."5 Bing has reported that the total protein excretion in patients with Bright's-disease varies with the creatinine clearance, which is interpreted to indicate a uniform excretion mechanism; filtration through the glomeruli and neither secretion nor re-absorption in the tubules. Assuming that creatinine clearance indicates the value of the filtration, it was possible for him to calculate the average protein content in the glomeruli, which indicates the degree of the proteinuria in relation to the quantity of active renal tissue. This value of protein content in the glomerular filtrate was found to be constant under constant experimental conditions in the individual patients, whereas in other cases different values were recorded. It was therefore assumed that the degree of proteinuria depends upon two factors, the filtration value and the permeability of the glomerular membrane. Repeatedly it was demonstrated that, although the proteinuria was fairly constant from day to day, the amount of protein lost in the urine varies directly with the protein content of the diet. These variations were considerable and, as there were no corresponding changes in the creatinine clearance, there were estimated to be large variations in the calculated protein content in the glomerular filtrate. This seemed to indicate that the protein content of the diet in some way affects the permeability of the glomerular membrane. This work carries with it the implication that high-protein diets in conditions of Bright's disease may operate through a vicious cycle. Whereas such a diet may eliminate in the patient the incapacitating effects of the edema, it may also, according to Bing, increase glomerular permeability and this may act as one of the major factors in the production of the edema and hypoproteinemia.
In the studies conducted by Farr and Smadel15 the influence of diet on the course of nephrotoxic nephritis was investigated. With suitable nephrotoxic sera it was possible for these investigators to induce in rats a nephritis which resembled very closely human Bright's disease with respect to its clinical course, impairment of renal function, and pathology. When such rats were fed a 5 per cent protein diet a marked improvement was observed within the second month; eight and a half months later the animals appeared to be normal. However, in the case of rats subsisting on a 40 per cent protein ration, all developed progressive nephritis; 13 of the 15 animals died of renal failure, averaging six months' survival after injection. These experiments appear to confirm the findings of Bing, discussed above, with respect to the possibility of highprotein rations being actually injurious in conditions of nephritis. Summary A consideration of the clinical and experimental findings indicates that loss and lack of protein may be significant factors in the production of a hypoproteinemia. However, such a simple concept does not fit all the facts. Evidence is cited in support of the hypothesis that some other factor, such as an impairment of or an injury to a specific mechanism responsible for the formation of serum protein, may play an accessory, if not the primary, role in the production and persistence of a hypoproteinemia. It is believed that the adequate approach to the solution of the problem of hypoproteinemia may well include attempts to find a way for stimulating internally the serum protein regenerating mechanism, which seems to involve in some manner the capacity of the tissues to furnish protein for the needs of the plasma. The present practice of feeding relatively high-protein diets in cases of hypoproteinemia, especially when the condition is associated with prolonged loss of protein in the urine, should be looked upon merely as a temporary expedient, not only because such a procedure is based upon the belief that the proteinuria is solely responsible for the onset and persistence of the hypoproteinemia but also because the consumption of such a ration may possibly operate as part of a vicious cyde and eventually be actually injurious to the individual. 
